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(57)Abstract 

PROBLEM TO BE SOLVED: To enable eliminating organic 
contamination and metal contamination of Cu, Fe, etc., of a 
silicon wafer with a short time treatment for several minutes, 
by holding a semiconductor substrate in an atmosphere 
containing mist sulfuric acid at a high temperature, and 
keeping the surface of the substrate in the state wetted with 
sulfuric acid. 

SOLUTION: Sulfuric acid 2 is accommodated at the bottom 
of a cleaning vessel 1 composed of quartz glass, a lid 3 
composed of quartz glass is capped, and heating is performed 
with a heater 4. The liquid temperature of the sulfuric acid 2 
and the temperature of an atmosphere 1a can be measured 
with a thermocouple arranged in a quartz glass tube. When 
the liquid temperature reaches 250° C, a wafer 7 
accommodated in a carrier 6 composed of quartz glass is put 
in the vessel and held above the liquid. In this step, the inside 
of the vessel is filled with white smoke of mist sulfuric acid. 
When slight exhaust is performed through a sulfuric acid 
gathering tube 9 which is filled with quartz wool 8, a small 

amount of air invades from a gap between the cleaning vessel 1 and the lid 3, and white smoke 
becomes more dense. 
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#>ttf£i£©&j££lg. 

(tt«39 1 2 ] Buisst^<§«. i^Kiian gtu&h 

:f>ffaM<*ttT;£K^t.>/<:ganS{S£WU K 

^{*©§gpgptimriei5t i#*f ©HDSPfcw o x®fifa<,c * 
ftSS©Sferfo${c{j. miZ&t&m<Dffin3i±msmVim 

^©^□a5Asm#$nrF«?gc«:sr B wfpp.ti. i^^tc 
^sgK4^tf#Hm3&5?Bfi£3n. Mia** yr3Ma«c 

^js<*8S©[liR^«:«. Btiia* + y r&Mm&zti 

*«f«4-*-*»«316 - l i ©u-fftMciai£©ift?i^ 

[000 1] 

20 [ &m±ommfrm j » . «t£««# f y = > -e 

[0002] 

y 3 >t-# z>wM.wmv>im-cs> z. m& 

«:^c5*2g^*^3:^^^:^<!:©JS-^->y^>-c*5. —ask: 
m?ff{b©^m{3:. v;3>«ia^. iyj^ymm^ 

■5. C©«t ^ ^^?r^T-£.^T3!pof|i^©$,^7f 

«r^tt7Kttgt^^) rc;s c - 2 <JgKiia^b*m<t 
*dtf*tt»»«) . «gK43SS?<b*^©ig^?g. 

[0003] im DRAMoivtRx-ttmnMicmmt 

©*tfli Ot:t,>/<iF e «>C u^©S#^3feC/(cN a©«fc 
40 ^ & U ^©I^SS« 5 x 1 0 1 0 atoms/arf ?i 

S-c*ofc. w^ccpor«^*©fii!tt«^>.5.fift 
s®^ss o i©K^*^ii-cAd: < . np$ttfloR 

^*-C»£.f|<t$iaTC^«t*^it„ 1 997^1 2^© 
*W'=m&XW££i&&mOtca - K v v -7"T'« 19 9 7 
^©2 5 6M DRAM^n-tz^-CI«Fg3ni#IS?§Si 
B, 5X10' axxms/aitV. 2009^©25 6G 
DR AM"7'P-feX"C(i 1X10* atoms/an 1 JWT 4 3 

n-ci>s. i 9 q 7 s?<Dtm&&m 

50 ^tSg-ClXlO" atoms/cm 1 . 2 0 0 9^*51. 8 
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x 1 0 ,J atoms/on' i&fit-C^;* ft£ «fc 5 tC tji^fc. 
(0 004] Cfttt&g&^bf^W^iJiS^'OfcXCtfc 

13 0'CCDgt^. IfcUte. SC-1 (T>-t-T7k:j§ 
mitfcm : tK= IS: IS : 5§lg) KJ:££j8 0'C 
©Sfe^^xd^W iSh, &mpiMm&-C±i£<D 1 x i o 10 

" atoms/ on' IMS* X'0>i§&{t X^^-JUfi'm^irxX^ 

v>*«:«t sst&af isms nr c> a. 

[0 005] 

[^*ift?^U-=fc^i-rSISS] ^5 9|5|Jt.ffl!B5S^ 
s8rS# 1 8 a - Z D - 2 X&m%<D— Aft¥tm.1r 1 C 
( d . n ) 13 N <D&fcfc£mm 0 /c^ltfi^StfrHb^tlr 

tc<tti«. ^x-/NStffi]©?r^©^te2 x i o w a 
- 1 WcMW&x-'b i ofri§m<Dti>mx\*¥- 20 

U-/-JI/ (BHT) . V*t>=f-)\,7 *?l>- V (DOP) 
itEC/tC^+lf > ^;US^>51f > (HMDS) 3£<Df*g&C 
*fU 1 x l 0 l< atoms/cm 1 llgEST-l/^gt?tajJft!5: 
U. C<Db-<Jl4i2 5 6M DRAMU^Jb-Ctt— lorS 
St±13fe^«!:L-C^. jf^IgjtTSULSIKtt^E 
tti^&O. HSifeSC- lgfe^-Ctt^ECDF e-£>A 1 <D 

m&kicttL,x&c&jj&m<. m<tm&mfrfim%i<Dmz 

[0006] 130 •c^g©5£g§ • mmitAammmtm 30 
mimmcmLxttsc- m^o^n-cu***. 1 

5XL0" atoms/cm' mm. $TW>T 6 «c(,»U gfc 

0 1 3 atoms/an' (DC u^Fe ^©#^^^(Cfl5 b X . 
5X10' atoms/cm'WTtCig^S-ti'SCijOSSLU 

t§£#£c> 0 t tec (D&mmg&mmv&'y *-»mc 
v <Dmm®.mm.fr$> < . bs^ b^j <t *#:m#. 3 ft/era* 

[0 00 7] l^jRgO^ywKtCcfcS^-CttBHT^ 
D O PO^«:»l/t(3*!tC 0 fcft 
?iC»HMDS^T'«2 o^rlifMHur^^ 

[ 0 0 0 8 ] -e c r^^w. MStcD^jgftS'jtxfiT- 
£05 -^©w&lrf ^=&p^^jS-c2 x 1 

0 ,J atoms/an 1 JilT«C. JfcC u4>F e^Iffii 

£ 1 X 1 0 s atoms/cm 1 J^TST. Si(#<D*sB$fBj$2iJI 50 



1fB320 0 0 -9 1 28 8 
A 

[0009] 
[0010] 

fc<Z>t?ife 5 . f-ftfrS 1 Xtt 2 (CfE*S©^g{*g«© 

[001 n gSSaH4«:get8<D«j:^tc. ±ge<o^f*s 
sn?:7 2'rsMffi{c«i:or^<xs?:wri. it^i- 

[0012] SiNSg5iCfeag€><fc i 5K:. Xf2<D. 

s^'SrSttssse^^tf^fflmtc^-r-s.xfiOBiirtc. & 
mw<D-&*mtmmxi%t>-tj:mz^-?z. mumi 

[0013] £/c. iffiCDgt^SgODHJg^fiai br 

[0014] m$g!8 «cieiS© <fc 9 «C. BflSe<OS«6gM 
(0015] K:fem©<fc 9K. 89150+ t'J7 

fa^muftr * 5 ana**-*- s *) &&. $ tih&m 
[oo 1 6] m#mi otctatscDi^tc. sp,«c. 
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[00 1 7 ] I§^1 lCClfii£(D<fc^(C. $6CC, 

»3»16- 1 0 ©ci-rn*ecEK<w?fe»»B. 
[0018] i»3j81 1 2CCiHtg(D<J:9K:. BuaiSE»« 

$ ft. + tf T #«c J: 0 tttt»^a^lBffS»4l 

3<3g6-l 1 OC»m*€cettOW»80E. jht. ^ 
[0019] ffi&*t^ 

[0020] igfiBsmccafTS y g >^m<p&fg 

y =i>«ffittiSffld!X iff $ U < tt2 0 0 w C£l±<ZX 5£ 

srcimccj: < i^n^>o > y a >mtmtzs y =3 >a® 

tsa^K{t***>o(D'c. 7 * arenas ti/dta©'* 40 
r tc y a >IBJ c oiSiSSSffijiKSSecttti £ 4 ffi*> cc 
h a-A©ffc^»{tR«:*i; % C<om±.X 
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[0021] nmmm 

m^mmoWimtz oox;ja±^»*i/<. <to»*o 

<tt. 2 3 0 # C^3 0 0'Cf*0, 3 6te*?£0<te2 
5 0"C-2 9 0*C^So SttttK4<0»)tt«:j:*i»» 
B$r^«. ffi# 1 *HU-tC J: < . < <D*£^ 3-30 &H 

r<fci>. 

[00 2 2] fcix.ll H,SO« 98.5%, JSQH.Ofr 
6^^ft^W*«3 1 7 •Cr*5*«, 2 9 0'C 

200mmHg. 2 5 O'Ctftl OOmmHg, 200 
■CrR3 0mmH?&©t, SttS^tf? 
fiffi**SE3 1 cmfiSAnTflJjarSt^HSBgjR^CC 
*##*ft««»fo2 0 0*C^6SSrtWI5tt<Z>5a»** 

HH*KH9 6XJUJbWS» 01*. iRfi*2 5 0'C«±4 

,so, «s««*r>4?s< too, c©cpoct/y=3>^x 

-/>*BWI*tt*:c-^*Afta4. Jbj8<DJ:5&ttSt 

nfcwatta»«»R«iife»o»* 4 sewers ttisoj* 2 

So 

[0 0 2 3] 8lciM5ag>g*a« 

#5 ^0«c^« 1 <DJS«iGg9 6 %\Zl±&mBL2 £A 
ft, ^7XgOl3^Ut-^-4T*T^ 
S5E^^e«cAft3ft*ft*S* <H5W^> -C5£Sg2<DtS 

S^2 5 0°CtCilU/c6^*'^^O^ + «J 76 CCAft 
fc»?x-^7£*fftK:Aft. tSOJiCCfSNFTS. C<DS 

1 4M3 40im»&2PSOSAa»SAQi&»dfl» 

[0 0 2 4] a^'Jx-^aft, S£^2(D?SS^ 
2 8 0U ^la^g^2 5 0-C<!:l, 3 5>Pa1ffi( 

gf^ixoaiL/rToc (mm%kvm) lppbaroa 

*B*T?3^^U-y >X*T4 4, ^-^l:HMDS 

fc, «M^glgS^:2 x 10 1J atoms/oil 1 tiT«:ffi» 
T5Ci^ffl*S. */c5/V3>SffiW»Cu«:2x 
10 1J atoms/cm z ^$H±'C4d^, CfttC^UTgiiE 
<D<t5ttHMDSS»«rflP^fcBW4«C»LTt. HMD 



S SriSU^C u <D£mr&&£ 1 x 1 0 9 atoms/ cm 

[0 02 5] £tcUV^^\±m&Fa&Ztt%ntcmiz 

<D&5KVLfo<Dm*T&mifi^ty^ 1 0 M -10 U ato 
ms/cc*igttAL-tl>r^ *f$®^9 -7 8 9 3 "CPS^ 

[0 02 6] S/cgt^tfrt-C^^-^+r VT*±Ttb 
[ 0 0 2 7 ] m 2 6i*^HJCc8t^^(D^iJ(D^€:^-r 

-c^-r o i 7 icffimr&z^zbmffi-r s c <t & 

<> Hi i^a^ffl 7rtCC^«K^^0iA^^ 
>f>f>y t ^©^^7X^ 1 

i oon^e^^^x'gi 4^^^ 
ff. tt^tii 7(*3tc^s?tc^A^nrt^ 0 

7Xf 1 44C«^^^->'n7(DT^S/c:^(4^«:® 

StoyAi ss&tf^ggi op^ok 

Kl l£e-*-l 2t3 0 0Ta5< SrflljSU So 
/c^^^/7Xf 1 3Ct£9^Ep<DJ:5K:#AT£ 

<b, ssi ofttcm&mx'&ctc&mmmz&E&rt 

1 7f^(D^x-^7«^S^2 0 O-CtUitC^/cn^cfc 
Wt£<D* ^7 ^IHJjg CTx ttPTFE Sr t> flE 5 C £ # 
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[0029] m&&m*mm&t&m<Dtcib. ^ > 

[0030] ^ '/a >*ffl©TSiaBgfflli5fe}*T*tt2 o 
aRWBS (mtfW«ar^*y8fe»LtePFA> «rfl£ 

ftCC J: ti It* s is 5 > tc J: & x b' £ £ 7 

0 0*ceH*rTW r 5C£3Wffi*. ASH^x-^©*! 

[003 1 ] 

M*«fil.4X 1 0 ia atoms/cc©pM^IJi^»;^>^ 

[0032] TStwnmvmmkt, &mm%k<Dt%<s^ r 

1 v\s-vmi t c&~>?c. w^mmmmtmxiwMutc 
^mmPk*? x -^gaaafecttc ^ x - /Nrta5«:*j- ur 
i>, m^mtm^^<otm^^^^o>^Lx % z<d 

[0 03 3]«Iif»tt, 5l-)x-^ s, CuM 

Lftcv ymmm <b§^bhf : nhj + hf) (cm 

ilt, H(D i4 Cu^il^5xi0 1J atoms/ 
40 cm 2 £&4J:5(C»««iffiL/rfg0E3n/c. ^c 55 Fe 

Srssftno/csc- i®ccamur^M(D ,9 Fe©^ra 

g^5x 1 0 lJ atoms/on 2 ittSKR^x -/%4flBSE 
Utc Q 

[ 0 0 3 4 ] JSUtO x — ^F*3fflec" C u 4{SA«»S I* 
/cKf4tftrttb/c. BP*3, JuSilSiaKl^CutBHF 

o-cc3 ofttiumu. ■5x-/^p^© 4< cu^iga^5 

xi 0 14 atJoms/ccifti^^CC^CuOffitWfilittf 
50 [003 5] x - y\^ffi<D^ti«9©g|3Ra<3!)ffPffli«± 
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[0036] «T©*taWcttfl§ OfcWffl*tt*»«ci/U 

[^ftft l ] H 3 tt«BttS[ffl©* + y 7KAokK»«) 
*-'nCC**0, **l8©»BB3f*»*Uft:a. tfejccy 

^io-c, *ws«fcttfflufc. <i> »vns%» 

»«c»-r + U TO&A&tf[o]iKSi*. ( 2 ) ttJKBSS 

8t?#a5, ( 3 ) toe* y >*r# K^ssr * s. i »s 

^*fc-*-4rM8fcOfc<fc* % BStK«S3E/7^X* 

e->rflfTor^ap«:f5»ir-5. -eccTS«:7 7>^ 

wfc. cnrt>KK©^ffio^:fi@ltcfijtr^^:Ci<3D 
r, isti^ato^ccaat i 9 ^6 or c©»*caeoT 

^o/cS^fflOSEKSIsliRrSJr^CCOfco 
[0 03 7] ^7XKii$2 Ott^rtNpO^TfMSO 
2tfcr*9 % ^o^*-^7*iRtt0fcE3?/77XM* 
t'J76*ttBUt, (1) *6 (2) "V £/c (2) 
*>6 <l) ccr>a<*tt, *¥«c#«frorgfc 

»««:HIHr*7 *3R«IKPTF E§W«2 1 OtlSPCD 

<D¥&te@;£<E>:7 **«KPTF E«©«tt*«2 2_b£ 

* fc^jf«OTtCtt b - £ - 4 **, i5t»*9<OWffi«c«E 
6^H9Bdtirc»s. 2 o tci*5 

[0 038 ] ^*-/^JRtt0te*+yT6ttWflE53S 

^^Sttf*2 Artim<Dy ? ^{cw^,u^. * + y t 

S»W©±4KS<CC«T«2 1 Jca»03fc±T*tt«« 
(■SHtr) (ciS«lT330Sft2 5a'#£ 0 305IA2 3 
«®(*±SB^5^^^S'f4$2 6€:ii0r±Tttit"* 

#±TfMMW* CcftJR Or l > ^ . C 03O$N*i*ttCc tt 
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[003 9] ?KB®Sfc»te7fcEfc. tt'Jreiid) 
^Kttrie&a r7so/ca»2 0rt<oiaiaw:* 

ffl8ftfiHSM*iiS53ie2 7 ec<fc 956K?B2 8<b<DFair 
S»-26«ecj:»)tta[ai**«®4ttor^r % (i) 
<D^(Of^<iC^m^mWm<0^mh^^:. 2 8 0*C£ 

io -cflnMisfc. coiatf[«:ao*tfefSrtw«Bfflfa«^?c 

CCt (2) <D«ffi^©»tt«rfTC\ ^tf#a* 
TB3*r*+ yr&BS&CD±tC±&, 3#FEgB£B£?#Sfc 

31* 2oc^f£i5ffl||^^orilf$2 0F l 9igfc^tiF^ 

[0040] CCt»*+yT*Jbl»3*, (1) 
OtSSW <j£80 r7n0/c{4fgCcR^- o $I{£2 0(1) 
cDa^«:«-&^2 2tc@^$n/cfflflAiij2 9<DTKjg$i6 
*y>^«3 0*«ftot t C©**«tr««tt (3) <o 

20 tas±&fflajj&±fcorc>£ 0 tt«;7ty>xiirtjc 

TP$3t!\ Jg<D**3 lKAtiCtr. £^¥A£^[H]f£*r 
5ift«J7)5'7v^^n5. 3tf#*i(0^tt±^3 

i±r*j< 0 y>x«««y >xa<h-e(D^HPjJ<DWg3 2 
£9&£ 0 yr*fl«rto/cy>^«fii« (3) ©fi 

*w*-:7a-y>><£tT 5. 

[004 1 ] C ®8$.£-C??tf * * y T 3£J* Wi 2 3 £TP3 

30 sm^ka*. ( 3 ) ottartt±*«:i£jia««^*-5. 

•£»flHa»3 4©±M*^JB10. ±T«« (BhiHt 
r) «cj:i)3t»ft3 5r±Tr.*»25E»»3 6©T» 
3 7«a«7ky >XCQ$*o/c*r yr&IMEOT. tttt 
3 4rtCC5l±0f^l»«8«:W-ra. +t«;7^|l^o/c 

a, y>^«»"*»*or (i) ©fiHwcRa. 5Lh# 

oM+V7rt©»)xwMJ l ft!UB»AC3 8*>6>ftte 
*;U7 ^l/^-iHEPA7 -rJUdr-ilitt 

'me 2 o o °c £ r flns 3 ti3ft«»«»jc <fc o Km 3 ft 
^^-/MD** y7«»25ti#M<DTI*(cJ:0 

D S 7i9ft3«^ms«ll9M£^C[}tMt 

3t*C<06»46COl^r7>»Ti*4*tt 1 . 7 X l 0 13 atoms/ 
cm 2 , 1 . 2 X 1 0 1J atoms/cm 2 , 1 . 4 X 1 0 13 ato 
ms/crrfr, mtj:m»&m&iU2 X 1 0 13 atoms/cm 1 

[0042] I«tW2] M Cu 2X l 0 11 atoms/ 

cn j mmimtcn uhmd s uz-^mmam o tcu 
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6 * C u (DmzmX 8 X l O 8 atoms/orf t igg&rf & 
Sa^fil 1X10' atoms/an 1 WT^M^^tirc^ 

— ;&HGK$Kc«fc9SC- 1 (T>^T7k : jgg 
{b7k^*:*= 1§: 1§: 5§0 7 0 - C. 10 

#<Dz5fe#<^ SC-2 (iSm: iaWb*3R*:*= 1 
S: IS : 6S) CC£SEIt;< 7 0'C. 1 0#OSE&£ 

ffotetf. tr*c«nc*u3. 1%, «*o»ff*tti 

[0 04 3 ] [^5£W3] ^M203aoftiMK)K 10 

six tr>K*aiara«* y 2 0 0 0 r p mr 

*-^-^*^cft*^fc. l/* l/, sc- 
I^^-a, SC-2ffi*£~-^©lr»-i**ifcK:*j 

2. 8xi0 13 atoms/cm'T*. -£^^y7>xb^ 20 
^5/-{C4tfC»T7 0 0'C-r<3M»^IB«fi3W»!«f-C*Sa 

[0044] [ jtfkfflu ] nan 1 <o&m&m\iK s5? 

«2 7teH20«M^»*JS«U ftHMKcKKBIt 
iE*A*i«cC»t? % «BH5ift**tTofti. «Rtt H Cu» 
i&&<h"F e»Jfta°a«rfflC^ WMtt3 0 5™c»J»U 

y r S:iJt»«lrt«: Anr 2 oo^igli 
i^jfttma 3 ftffifr^mnm 0 . 12%. 5 ^stj^t? 

0. 05»tftofc. 5, F e»SgWt4tt3^«»r0. 
0 3%"C*o/Co 

[0045 ] [RffiW5] 9 0 0'CMlt M Cu^^ 
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[004 6] 

<#«T4ttJtt», Cu, Fe9<D4i 
4<fc < g^tttl^*^ic J: 0 ait^h-c, vy=i> 

[0047] ±E<DS»*«, fHBW^ftbftTlH,^ 

rffi»©ffifflS3^«*^«:^c»or. s±aoeacc 
aaB&aj££ i/ci*xi>4tc. &arcj:&ffHisiiK6 

[0 04 8] 

[a 1 ] *&w<omm.<?>-&m<D&tmwm~e$>2><, 

[H2] **9!<DKB©8i|<!E>»»0«»ifiiH'C*i. 

[^3] «Aao>ft»^^cFttao9GKiN«na a r& 
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*^a5S(f^KS«flStTS 5 #25-^ 
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»^JIl!«/l*7pP3Ba2TB7LSA-^ Bftt 
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